V ~ Spinal cord compression by epidural extramedullary hematopoiesis (EMH) is a rare phenomenon. A case of acute compressive myelopathy is reported in a 72-year-old man with EMH secondary to sideroblastic anemia. Technetium colloid scanning was used to document extensive ectopic marrow formation. The patient improved following surgery and radiotherapy. A review of the literature revealed 23 other cases of symptomatic spinal epidural EMH. The underlying hematological disorder varied but was always of long duration. Eighty-eight percent of the patients were males. Symptoms lasted longer than 1 week in 90% of cases, and 91% demonstrated incomplete neurological deficits. Plain x-ray films were rarely helpful in establishing the diagnosis. Technetium sulfur colloid bone marrow scanning has been used successfully to detect EMH and has led to preoperative diagnosis in one case. Decompressive laminectomy with or without postoperative irradiation is the suggested therapy, although there is evidence that radiotherapy alone may be adequate in some cases. Good recovery is the rule despite long-standing neurological deficits. 
Gatto, et al.,12 who described paraparesis in a 23-yearold man suffering from thalassemia major. Since that time, 22 additional cases have been reported. To these we add another case of acute compressive myelopathy which occurred in a patient with long-standing sideroblastic anemia. A review of all reported cases has served to identify some common features of this condition which should facilitate preoperative diagnosis in the future.
Case Report
This 72-year-old white man walked into the emergency room of The Johns Hopkins Hospital, with complaints of rib pain subsequent to a spontaneous fall. The diagnosis of fractured ribs was made and the patient was discharged with analgesics. In the ensuing 24 hours, he began to complain of increasing urinary retention, marked weakness of his legs, and persistent back pain. He returned to the emergency room.
Examination. He was an alert but pale man. There was no demonstrable lymphadenopathy. The spleen and liver were palpable. There was marked percussion tenderness and kyphosis at the T-5 level. Neurological examination revealed normal cranial nerves and mental status. Vibratory sense was diminished bilaterally to T-7. Position sense was diminished in the feet and toes, more severely on the left side. There was hypesthesia to touch and pinprick, with a T-7 sensory level posteriorly, more marked on the left side. Motor power was 3 to 4/5 on the right side and 4 to 5/5 on the left side. Tendon reflexes were hypoactive and symmetrical in the lower extremities and normal in the upper extremities. There was no clonus, but both plantar responses were upgoing. The abdomen was distended and bowel sounds were diminished. Rectal
FIG. 1. Thoracic myelography, anteroposterior (right)
and lateral (left) views. Note the complete block at T-6, the irregular defect extending over a long segment of the thoracic spine, and the compression fracture of T-5.
sphincter tone was diminished but present. The patient was unable to void.
The patient's past medical history was remarkable for chronic refractory sideroblastic anemia of 20 years' duration, and for hemochromatosis subsequent to numerous blood transfusions. Medications taken at the time of admission included digoxin, chlorothiazide, nitrofurantoin, and acetaminophen.
Admission laboratory data revealed normal electrolytes, mildly abnormal liver function tests, and normal serum calcium. Hematocrit was 17.7% and hemoglobin was 5.6 gm/dl with normal red cell indices and normal platelets. Red cells showed abnormalities compatible with sideroblastic anemia. The white blood cell count was 5200/cu mm with 61% polymorphonuclear leukocytes and 26% bands. Coagulation studies were normal. The reticulocyte index was 1.8%. Plain thoracic spine films demonstrated diffuse vertebral osteoporosis and anterior wedging of T-2, T-4, T-5, and T-7. Pantopaque lumbar myelography revealed a block at T-6 ( Fig. 1) . A C1-2 Amipaque myelogram performed at the same time defined the upper limit of the block at T-4. The cerebrospinal fluid was clear, with elevated protein and normal glucose.
The patient's condition deteriorated acutely after myelography. There was trace to flicker movement in the fight foot, and increased weakness in the left lower extremity. Deep tendon reflexes were absent. Operation. He underwent thoracic laminectomy from T-4 through T-7 within 5 hours of myelography. The vascularity of the paravertebral muscular masses was increased. The lamina was of normal consistency. The epidural space contained large quantities of soft, friable, reddish-brown tissue, highly vascular and enclosed by a thin capsule rich in small arteries and veins. The bleeding was profuse despite meticulous cauterization of the individual vessels. The dura was of normal appearance without evidence of invasion by the abnormal epidural tissue. Dural pulsations were not appreciated. Total blood loss during the procedure was estimated at approximately 2000 ml.
Postoperative Course. Immediately postoperatively, the patient regained power in both legs. For the next few days he showed slow but definite improvement. He still complained of back pain. A course of radiotherapy was administered over the T1-8 vertebrae (1500 rads). There was prompt resolution of the back pain and continued neurological improvement. Postoperative fluoroscopy revealed free flow of residual Pantopaque. A technetium-99m (99mTc) sulfur colloid scan was performed to document other foci of EMH. Diffuse tracer uptake was demonstrated in the spine, pelvis, femurs, humeri, and skull. Liver and spleen showed homogeneous increased tracer uptake compatible with diffuse hyperplasia (Fig. 2) .
At the time of discharge, the patient complained of mild persistent pain at the site of surgery. He still had difficulty voiding and defecating. He could walk with parallel bars for 10 to 15 steps and stand unaided for 10 to 15 seconds. He had evidence of an incomplete T-10 sensory level for vibration on the right side and bilateral weakness, more marked distally in the left foot. Tendon reflexes were + 1 on the left side and +2 on the right side, without clonus. Plantar response was downgoing bilaterally. Abdominal and genitofemoral reflexes were absent. Bowel sounds were present. The patient died 3 months after discharge following complicated biliary tract surgery.
Pathology. Microscopically, the mass consisted of foci of EMH in the epidural adipose tissue. The mass contained mature and immature myeloid and erythroid elements with a relative increase in erythroid precursors as well as numerous megakaryocytes (Fig. 
left).
A Leder stain, which identifies myeloid elements, demonstrated that some of the immature cells were myelogenous in origin. A section of the vertebral lamina contained hypercellular marrow with a composition similar to that observed in the epidural mass (Fig. 3 right) .
Discussion
Blood formation is localized in different sites at various stages of embryological development. In the fetus, hematopoiesis is localized in the yolk sac and mesoderm, migrating at 4 months to the liver and spleen. At birth, such activity is clearly concentrated in the bone marrow, with minimal residual liver activity, n,13,2~ Initially, all bone cavities are activated, with blood production barely keeping up with physiological destruction. Hematopoietic stress at this stage readily results in reactivation of extramedullary foci in the fiver and spleen. Eventually, hematopoietic marrow is found only in the vertebrae, ribs, sternum, bones of the skull, and proximal ends of the femurs and humeri. During adult fife, the bone marrow space continues to expand, possibly by bone resorption. To maintain a stable production of blood elements, there is a gradual increase in the fatty-tissue components of all bone cavities. H,13,2~
Hematopoietic stresses in later life can easily be met by expansion of active marrow into inactive bone marrow cavities. Extramedullary hematopoiesis often reflects inappropriate rather than compensatory blood formation& ,2~ Ectopic marrow production has been observed in the liver, spleen, hila of the kidneys, thymus gland, adrenal glands, pleura, appendix, retroperitoneal space, and the paraspinal region of the thorax. Less frequently, it has been described in re- (Table 2) . Twenty-one of the total 24 patients were males. Only a slight male preponderance is reported with myelosclerosis and polycythemia rubra vera? Eight of the 11 patients with thalassemia were males, despite the absence of sex linkage in these disorders. A male-related facilitating factor in the development of epidural EMH is suggested.
Diagnosis
Patients' age at the time of presentation with myelopathy ranged from 17 years (Case 10) to 72 years in our patient, with a mean of 50 years. Marinozzi 22 reported an autopsy case of epidural EMH in a 4-year-old girl. Those patients with inherited hematological disorders tended to present earlier (mean age 28 years) than those with acquired disorders (mean age 57 years).
The clinical presentation is summarized in Table 2 . Two subgroups are defined. Three patients described an acute onset of symptoms (Cases 3, 19, and 24). Cross, et al., 9 reported four acute transient episodes of weakness and leg pain preceding persistent postpartum paralysis in a 28-year-old woman with thalassemia intermedia. These patients made slow and incomplete recoveries. The remaining patients had subacute or chronic presentations. Forty-seven percent improved markedly, 2-4,9,1223,al,34 illustrating the importance of initiating treatment despite long-standing deficits. 2 In all but one case, 25 the epidural block was midthoracic in location, likely reflecting the small size of the thoracic epidural space. Intrathoracic paraspinal EMH was demonstrated in eight of 21 preoperative x-ray films. 4, 6, 23, 28, [30] [31] [32] 34 These masses could have extended epidurally through neural foramina. In other cases, thoracic epidural extension from hematopoietic vertebrae or ribs was described. :~,19,zv,a2,a4
The underlying hematological disorder preceded the neurological presentation by 10 years or more in 10 cases, 4,6,12,19,24,3~ and by less than 5 years in only four cases) ,7,1a,2s The severity of the hematological disorder was judged on the basis of the preoperative hemoglobin and hematocrit data available in 19 cases (Table 1) . Sixty-three percent had hemoglobin levels of less than 10 gm% or hematocrit less than 30%. Splenomegaly can reflect the extent of EMH. Of the 18 patients so tested, 61% had an enlarged spleen and 39% had undergone splenectomy. A greater risk of epidural EMH might be expected following splenectomy, as further hematopoietic stress is applied to other extramedullary foci. This is not substantiated by the data. Splenectomy was performed 4 to 20 years prior to neurological presentation, suggesting that the duration of the splenectomized state is not of great importance.
The chronic nature of the hematological disorder and available laboratory data should allow for preoperative diagnosis and nonsurgical management when the neurological deficit is incomplete. The diagnosis of epidural EMH was suspected preoperatively in only seven cases. 3,6,23,3~ In all seven patients, plain x-ray films revealed long-standing paraspinal masses or vertebral body changes compatible with bone infiltration or with erosion. In one case, consecutive Tc colloid scans indicated recent widespread EMH? ~ In a second case, an indium chloride scan was positive, al Bronn, et al., 5 reported the use of Tc colloid marrow scanning in the assessment of EMH. Colloids are phagocytized by the reticuloendothelial cells. The distribution of hematopoietic and reticuloendothelial tissue in marrow is similar except in aplastic states or after irradiation. In the normal adult, active marrow is detected only in the axial skeleton, proximal humeri, and femurs. Consequently, this technique is well suited to detect EMH. Other radionuclide techniques have been reported using gold-198, 25 iron-52, 29 and indium? 1
Eighteen of 24 patients underwent laminectomy. The need for extensive decompression is illustrated by the reports of Gatto, et aL, ~2 and Pile-Spellman, et aL 26 Grossly, the epidural hematopoietic tissue was a reddish-brown or bluish soft vascular mass. Lowman, et al., TM described a gray-yellow firm mass, and Gatto, et al., lz reported a clot-like appearance. Encapsulation m'23'34 and attachment to vertebrae a,9`~9,a2,a4 have also been described. The extensive vasculature has not been previously noted.
Fourteen patients received spinal irradiation (Table  2) . Two patients treated with radiotherapy alone 4,a~ and two others in whom prior surgical decompression had been unsuccessful a2,27 made good recoveries. Cromwell and Kerber 8 reported the case of a 36-yearold white man with myelosclerosis, in whom spinal cord compression by EMH was diagnosed radiologically; the condition was successfully treated with neuraxis radiation alone. Only a single case of transient pancytopenia complicating irradiation has been reported among these patients. TM No definite conclusion can be drawn concerning the relative efficacy of surgery and radiotherapy.
The patient with Paget's disease (Case 19) improved with initiation of mithramycin? 2 Three patients died before any treatment could be administered.
Conclusions
Compressive myelopathy from spinal epidural EMH is a rare phenomenon. A review of the literature revealed only 23 cases despite the relatively frequent incidence of disorders associated with EMH. Most patients who present with this condition are males with a long history of severe anemia, with or without known EMH. Ours is the first report of epidural hematopoiesis causing myelopathy in a patient with sideroblastic anemia. The neurological deficit is usu- + Tc scan tomy recovery * Acute = < 1 week; subacute = > 1 week but < 1 month; chronic = > 1 month. = not reported or not done, + = positive scan; ? = uncertain. EMH = extramedullary hematopoiesis; Tc = technetium. ally of insidious onset and incomplete. Good recovery following surgery and/or radiotherapy is the rule. In many cases the diagnosis can be suspected on the basis of the patient's history and noninvasive radiological studies. It is recommended that technetium sulfur colloid scanning play a more important role in the evaluation of some of these patients in the future. A distinction is made between the prognoses of acute and subacute or chronic myelopathy. The rarity of spinal epidural EMH does not permit any absolute conclusion concerning management; however, there is a suggestion that nonsurgical therapy can be adequate in some cases. 4,s,3~
